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^1- :B.>a-*>ji. ^H^oii ^^7] ^^ss] ei-^ ^m}^ 

^12 ^ ^7] ^ ;^12 ^^^^ ^£ ^Sl-oll rcj-e)- ^7] ^5.^ 

^ ^x^o\] 4=^, :^^^7lcllA-^ ^^^^ ^^^^ ^B.^^ M]7]^^^ ^n^]^ 
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^ti^ *l-<5l^sl^ ^#-^71 {A Gain Spectrum Compensation Apparatus and Method Based on 
Temperature of Optical Amplifier, and A Long-wavelength Band Dispersion-compensating 
hybrid Fiber Amplifier involved in such an Apparatus} 

:£ 1^ ^2fl^ L-band ^^^7} ^^^-B- ^#7l(EDFA)^ ^£^1 4^ o]^ 

-E 2^ ^ ^^^^ <a ^Alc^lcil 4^ ^^H^ ^ti]^ L-band DCHFA^ 

S. 3^ ^ ^^«^] L-band DCHFA^ ^S. ^s^<^ ^^H^^ ^^1- ^.a] 

3^ 4^ ^ L-band DCHFA^HlAi ^£ ^sj-ofl tq-^ DCF<=>11 51-t?> o]^ ^s\-^ Sa] 

S. 5^ ^ L-band DCHFA<^lAi ^S. n^Bj. dCF ^E.^ M]7]mr «fl ^ 

^5^>^ ef^> <^1^^ -£^1^ zisflH<^lT^. 

S. 6^ ^ ^^2^ L-band DCHFA<^lAi ^:£^S|-ofl rcj-e|- DCF M]7]^ ^sJ-a]^ o.^^ 

€^1 L-band DCHFA^ ^^S.<5m-. 

-£ 7^ ^ ^^<^1 ttj-s. ^£<2f DCF ^B. LD^ ^47] 5] -^^:&;^l:£c>lT:f. 
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70 : ^1^^^ 
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200 : #-<0::a.>a- e)-i?V^s.=^cf 



300 : ^12 



<16> 



<17> 



^£^5l-o11 xx^E} ^^^^ o]^ ^^E^o- ^ ^e]jL o]9\- o]^ ^ 

^«>^^S., sl-^^^cf#(WDM: Wavelength-Division Multiplexing) ^^^^ 
1530-1565nm s|-^cfl^sl ^V-g- cfl^(C-band: Conventional band), 1570-1605nm s}-^cfl^o] 
^ cfl^(L-band: Long-wavelength band, '^]^, L-bande1- t!:4), H 
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^ A S.^* ^]^^\^ ^11^* ^■^\^] ^^^\^ ^^«ci-^<^li=l-. L-band» ^\%-^\^ 

^-a: :e.^><il 7]-^t!: L-band %^^7]^ ^^-^r *>^1 L-band ^^^^l^il «1*><^ 
M-Hcf. ZL o]-^^ Ji^o.s. ^^sl^ ^:^(^fl^ ^ #£7> 2.5, 10, 40 
Gbit/s -^)^ ^-^r ^^^^^^ ^^-^(DCF: Dispersion Compensating Fiber, -^l 

<i8> o]^ ^^11- «fl;is:l-^ ^J-*^^ DCF# el-^ -^S^o.^-^ DCPl- ^IM-^^a^ 

^^(<^1-1- #<H, ^^iJE.^ %^^-9r SOkm J^^a-g- XF^I ^ SdB)^! 

^oi^lS^ ^^^^ ^\o\^^B. ^^^7l(rcHFA: Dispersion-Compensating Hybrid Fiber 
Amplifier, DCHFA5} ^>-§-*>^ ^^IM- «>ls1t!: DCHFA^ ^£ ^S)-<^1 

o^^ d^^^^o] ^^§1-^ ^;^i7i- ^i:^. oie^^ o. dchfa* ^^^^v^ ^ 

^7> ^'g-^CEDF: Erbium-Doped Fiber, o]*]- EDFsf tbi=f)7> ^JE«>11 ^ 
<19> £ 1^ ^eflo^ L-band <>|#^7> ^^^-^ ^^7l(EDFA: Erbium-Doped Fiber Amplifier)^] 

1571-1604 nm ^ ^'g^l-Tll 5]<Ho;[o.i4^ ^^7]. o'C^'M ^^7>^ 1571 nm A 

^oflA^^ ol^-ol a|-o>;^lj7 1604 nm sj-^c^lA-l^ oj^o] ^^I^a-] o]^ ^^H^*^] 7] 

^-£7> 601C>71-^1 #ef7>i^ «Vcfl ol^-o^ 7l*7]7> tH^^ItII ^ti)- 
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<20> ^^6\] rej-el-A^ ol^. >-^E^ol ^2|-s:>^ :a.^>s:>^ <=>1^ °fl^^ EDF^ ^ 

£7> <^^^^>i^ 7}<^m^ ^£2] <:^1: 60°C)^1-^ ^-^l^. ^siM- ^ 

<2i> 4^ tij-i^ o.^^, EDF^ ^S* ^^^Mjl ^ ^£<H1 o]^ 

^ $iT4. ZL ^1^^^ ^^^Jl ^16,335,821S<^1^ o]^^A^ EDF^I ^£ 

♦ ^^^JL ^ ^£011 ttl-eV^i ^lel EDF ^^-g- ^]o]^] i+oj^co^ ^jo] ^^^^ v]-^] 

^■7]S] ;^]2^<H1 S^^S]^ M]7]^ 7l-^:^^il7l(V0A: Variable Optical Attenuator)* o] 

s^^^s.^ ^^■7]^ ^^^^^^ ^^^}^ ^^^s. ^t^i-. 

<23> ZL£l^, ^7l^ ^^71^^ ^£011 o]^ ^ 
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^ a.^e>Jl, -a^^^ ^^^<H1 ^7] ^^S.^ ^^sr>^ ^^^-B- 

(DCF); ^1-71 ^^^-^(DCF)^l ^«j-*c!= ^l^^m ^VM-^ ^ 

^1^^^; ^7l ^ ^12 ^s^sj-l- zi-z]- ^#*>^ ;^ll ^ ;iil2 
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M-B]-xfl^ ^^£(DOP: Degree of Polarization)!- 0<^1 7>^7fl tb^-fe 



<3o> ^11 ^ ^^^^ ^£1- 44 ^11,2 ^^^^ 

^lE rel-Bl- ^7] AM ^ >i]2 X[o]6^ ^^1^ ^^a.^ ^'a-B-(DCF)S. 

<32> :£t!r, -^-71 ^^%^^]7\ S^^^n^ ^7] ^^^^^ ^^-^S. <a^El^ ^ 7fl ol^o!) 

^iTl^l-^ ^^^171^;^)1- ^7>S. ^ -^-71 ^^^^ 1500 AOnm ^ 



* ;^13 A]27r\- ^^^^ ^]2^^^- >^7i 2 ^^^^ 44 ^# 
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^7]^ ^1<>I^^^ i^^V^, ^S^^ ^7]^ 2i^^-<^ ^H^Sl-ofl ^^^7]$] 

^ ^^o^ <^ ^Al<:^loflA-l, ^7] 1570 - 1605nm^ 7}7]x^ , ^7] ^ 

1500 diOnm 7]-^i:f. 



<35> <^l2r>, ^ ^t^o^ w>^^t!: ^^H]# ^ %l-2:*l-<^ ^ ^^^^ JS-Cl- ^^l^o.^ 

<36> £ 2^ ^ ^^^^ <a ^Ajoljofl o]^ ^^^^1* ^wlt!: cfl^ 

(L-band) XHFA^ ^^^£olc|.. ^^.]^ z^a^o. ^^s.y^o\] ^-g-s^^ ojs. ^aj. 

^^1 ^ ^^7] ^^^Pi]7} L-band ^><^lw.el:^ ^^^7H1 ^-§-£1^ ^<^1# S-Altb ^<^liil-. 
S^-^J: 10-13^ ^^^^cf^5l-7l(WDM: Wavelength-Division Multiplexer)^>H L-band 
s.^ ^H^^ tl: 7fl^ ^^^-B-^ <a^>^l-£^ ^ol^f. c^7]^i, Sig^s 10 

^ aV^^l^l-Tll^ 980 nm^ sj-^g-o!)- L-band ^<^^^ WDM^ a}-^, S^^S 11-13^ 

«V^^^l-7l]^ 1480-1500 nm ^ L-band ^<H^^ WDM ^Icf. 

20-22^ ^■^4i;^>^Ai, 20^ H]-A>1- %^^7], 21^ sj-^ofl o]^ 

^^^-^S. ^^^^7lolcf. 30-34^ ^S. ^o]^^(id: Laser Diode, 

^l^l- LDel- 30^ ^jl #^^(100)<^1 ^S. oflM^l* ^^^^ 980 nm LD, 31-32 

^ ^^iL^^ ^^^-B-(DCF)o]lAi ^t!: el-^> <^1^^ "^71 A>-g-£]^ 1500 nm 

LD, 33-34^ #^^(300)ofl>H ^^*>^ 1480 nm ^S. LD ^^^Sl 
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40-41^ ^-g- ^7} ^^-^(EDF: Erbium-Doped Fiber)S-Ai -^-^l #^^(100) ^ :^]2 
(300)^1^-1 c]^^ o]^ nMcjnf. S.^^:^ 50^ m #^^(100)oflA-^^ ^^^o]] 

°M<^lcf. 60 ^ 61^ EDF(40-41)^ <y:<^>i^fe ^£ ^^-g- ^^i*^!^-. :£ 

^^S. 70^ ^>7l ^S. ^^-g- ^^i(60,61)<^l ^£1- H>%-o.^ 1500 nm 

LD(31-32)* S^^m ^]<=>]^'^o]^. ^7] ^l<H^^(70)ofl>«-i^ ^7] ^^oll nl-el- 

1500nm ^B. LD(31,32)^ ^^^^ >^1l7ll- DCF(50)«^l>H5l e)-^ ^1^^ 

S^^l-H^ ^}JL, ^7] DCF(50)<^lAi^ efi?]: o]^^ ^^o]] ^^#7] ^^1^ 

:e.^l-*fl ^711 ^cf. 80-81^ ^2^- ^>7l ^^^(100) ^ DCF(50), ^ 

7l rcF(50) ^ ^12^^^(300)* "^l^^m ^ K^]^t^. 

2<^1 H>^^tb %2^^}<^ ^ ^#^7]^ ^S^Sj-ofl 4^ C,]^ 

^ ^^^^ ^^^7]^ 2^ ^^■^3^% ^ll#^^(100)^ WDM(IO)^ 1570-1605nm 

cfl^o^ L-bandS] ^^i^ ^ ;^llell<^]^-l i=|-<5li:^(30)S.^el ;*fl^£)^ ^^^^ II- 

^11 ^7}- ^^^-a-(EDF)(40)^ "S^W. ^7] m ^'=>]^^ cfol^^(30)^ 980ninSl ^ 

^7l WDM(10)AS ^1^3r>i^, >^V7l ;«fll EDF(40)fe ;^ll^^^(100)<^l^i ojs.^ <SE.-^ 
^ nfl^olcf. >S-7l EDF(40)^ ^SL^ ^Xy^: '^^]^}^ %51^7](20) ^ -tlJl 
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4= ol^o] ^«^a*>:£S. ^.^ o]^^^^B\i2im 7]^ ^^^^ 5l-^^^^^(200) 

<39> ^7] ^^^^ ^^■^#^^^(200)^ ^^-^r -i^^^, WDM(ll)^ ^^^^^ i:fl^Sl 

1575~1605nm ^^^^l ^ ^<=>]S. ^MS] :^]2 t]•o]^B.(31,32)^^^^ >fl^Slfe 1500 

iOnra 5x}-^o^ ^H^* DCF(50)-^^ ^cf. ^1-7] ^H^^ 

W>#^*>711^ ISOOnm S.^^]^ -^711^ eflo]^^ 0)^^(31 32)7]. j^aIe) 

^^^^7l(22)7> ^til£]ol ^V7l z]- eflo];^^ <^l^^(31,32)o11^i ^1^5]^ ^ 7)1^1 ^^^^ 
^^g-o] ^^o] ^^£|<H >a-7l WDM(ll)^ XF(50)S- ^l^^^^f. <^1^ DCF(50) 

^<^l-2-^(31,32)^ ^l7l*>fe ^VM-^ ^^^l7l^^^ ^Hll- ^ 

£ 9X^. ^. 4^711^ Efloly^l cfol^^oi 32)1- ^til*>^ ^7] ^^^^7l(22) tfl 

M-El-ifl^ €^£(DOP: Degree of Polarization)* 0<^1 7>^7fl ^ 
^^llJrCf. at!-, ^S^<^1 >a-7l DCF(50)<H1 ^Rsl^ ^a] 

£1<H 9X^^, ^ ^"^^ ■^Al<:^lollAi^ ^Hj-^J: :^2^ol ^7] DCF(50)^ ^S. 7} 
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<40> ^7] DCF(50)<H]Alo^ B^-nf e^uv o]^^ ^7] DCF(50)S. ^l^^V^ 

^7] ^]o]7^ ^o]±B.m,32m ^ol^cf. ^, ^7] ^]o]7:\ 4c>l^c(3i,32)oilA-l 

^H^^ >^fl7l» S^^^n] ^7] DCF(50)oflAioi ef^ ^tl: ^l-^ ^^l^* 

<4i> cf^o.^, ^12^^^(300)^ WDM(12)^ 1570-1605nm cfl^o] L-band^ ^^Jl ^ ^1 

3 cfo]^c(33)^w.£^ ^1^51^ ^H^^ :42 o]^ ^7} ^^^^ 

(EDF)(41)S. 91^^^. ^7] m ^]^]^^ ^<5lJ2.S.(33)fe USOnmS^ ^^^^^ ^7] WDM(12)-^^ 

^7] ^12 EDF(41)^ ;^l2^#^(300)<^lAi 0]^.^ SEtb, ^12# 

^^(300)^ i^l^ wl-iS]- ^o], SE cf^- LD(34)1- ^7>S- ^aj^l-o^ 

^ 'a^lJ-^ ;^1^<^1 7>^s:>i£^ ^s. 9X^. WDM(13)^ ;^14 eflo];^-! cf^i^jE. 

{3A)S.^B\ ^wj-^ ^ -^Vj] 1570~1605nin sj-^cfl^o^ ^^Jll- ^7] :^]2 

EDF(41)S. <^^^t^. 

<42> ^ ^-§-£1^ EDF(40)^ 1570~1605nm ^'^'^]^^ 8dB ^1^^^ o]^^ 

^<^1« 5^^^^-. :£t!:, ^7] ^^^^ ^^-B-(XF)(50)^ 20-120kmSl 
^^^-^ wl^^^^V^ol ^^^^^ ^ ^o]!- ^v-cf 

<43> (60,61)^ ^11 ^^^(100) ^ ^12 #^^(300)^ ^S. ^sj-* 

t]-, «>^3i^].7i]^ z^-z^- ^11 EDF(40) ^ ;*I12 EDF(41)^ ^£ ^^1- ^^^rf. >il<H^^(70)^ 
^7] ^5|-oll ttj-el-Ai DCF(50)^ e)-^ ^1^^ ^^^17171 -?lSfl >a-7l ^ol£ 

M-^ ^12 5flol;<^ ^1-01^^(31,32)0^ ^S^^l >^^l7ll- S^tb^-. ^, >H1^=7^^(70)<^1 ^ 

7l ^^oil >^7l :^]2 ^o]7;\ q-ol^c(3i 32)0) ^^31^= ^l^l^o.^^ ^ 

^51^ ^H-^sl .Hl7]7> o]6\] ^7l DCF(50)<HlAioi 01^.0] ^^^cl-. ttj-ej- 

32-15 



1020030046491 #^ *a^>: 2003/8/1 

^i, ^7] ^11,2 -erS. ^5l-oll vc^^ DCF(50)<^1>H^ Sl-^ *=>1^^ 3.7]9^ 7]-^7] 

# S^^o.^^ L-band DCHFA ^^d\] tcf^ o]s. ^gj.^ <a^*>^l ^ ^^^l 

<44> S^oil^ ^£^#^>^i(60.61)7> z^- ^^cf (100, 300) oil ^VM-*^ S-A] 

<45> ojsq- ^o] ^^:s.^i-g: ^<^^ ^^M.^^ ^^j-B-(DCF)(50)<^]Ai2l oi^.^ ^7]sq. 7] o. 

7l# ^ ^^^(100,300)<HMi ^Sj-ofl Tt^E\- 2:^^^S.^ ^^^7]^ ^^1 0]^.^ 



<46> i 3 o. ^ ^^oll iil-€- L-band DCHFA^ ^S. ^^<^] it)-€- <^1^ :£a1 

t!: li2fl^S>H, ^ ^'^'^l L-band DCHFA<Hl>H EDF(40,41)^ ^^^^ ^3E.« 30-60°C^^ 

^1^* s}-^oil 14s. ol^o^ AV-g-^ LD(30-34)S1 

^ ^^^VtII el-^ ol^.^ ^71 ^tb 1500 nm LD(31,32)^ ^M]7]B] 

365 mWS. -B-^l*>5!i=1-. 30X:oll>H^ 1571-1604 nm ^^^^il^i '^]^^ 3.7]7} 0.5 dB ^MS. ^'U^} 
^^1^ ^£7> #e1-7l-^A^ 1571 nm sij-^a-^ oj^o] 1604 nmS)-^^ <5l^ol ^o^s-o^a-^ 

60°C<HlAi^ ^<^^ ^^^71- 1.4 dBS ^7>3r>^cf. ^s}-o^ £ 

t!: 7l^S] L-band ^^■7]o]]A^ ^^^^ ^cf. ols.-^Ei £ 2^]^^ M-Bf^d- L-band DCHFA<>11 
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<47> i 4fe ^ ^i^Sl L-band DCHFA'^l-^i ^S|-<^1 tc)-^ DCF<^l^i^ 5^-'?> £. 

^It!: neflHolT^. 5. 41- ^S^V^, 30-60^51 ^S. ^sj-ol] tfl^>o^ T^S^ M-Bfi^ 
tq-. olnfloi]:£ e^-nv 1500 nm LD(31,32)^ ^ 47]^ 365 mW^ •g^^Ml 

-B-^l^f^^. tcbe^-^i £ 3<=>\]^^ a.<^^ ols.o^ DCF(50)«^lAio^ s^^J: o]^aJ)-^ -¥-^*V7ll 

EDF i^M^ #^^<^l^i M-Bl-^* SZcf. 

<48> S. 5^ ^ L-band DCHFA<Hl^-1 ^^^fl tt^-e^- DCF >Hl7l# nfl ^ 

^5^>^ e^-^ ^1^^ ^s\-mr i^ltb ^2fl^^^-l, L-band XHFA<^1^-1 30~60t:^ -^S. ^^<^1 cfl^> 
<^ rcF<Hl >Hl7]l- 365-395 mWS. ^^^1^ ^4) ^-^^-^ s)-^ oj^o^ 14 

^^1=1-. <^1^^ ^^12^ o.^ TS^^m 5|.^<H1 vc^S^A^ ^:^]^ ^3E7> cf^-cll, 1605 nm 

^ ^^71- aJl 1570 nm ^'HlH^ ^cf. S. 3<Hl-^i M-b1-u|-^ DCHFA^ ^^l^^l ^^-S^ ^ 

cfl i^5l-o]£.^ ^^d\] o]^ ^s].^ i^V^ ^ o;^^^ AjAVtl-cl-. tt^, DCF(50)<^1 

A^o^ efi?]: ol^o] ^no^ 47lofl vc^B^A^ ojsq. :y-^ ;^«j:o. j^^o]^ 5fi?}- ^^^^ s^:^-^! 

1500 nm <=>]B.S. o]d\] e^-i^l: 01^.0^ ^Ji^l7> 1605 nm e^^<^l 9X7] ^^(>M. c^l* *c>1 , 

1465 nm e}^ ^^1- DCF<^1^-1^ e^-^ ^Jl^l^ 1570 nm e^-l<^]^i ^-^^srH 

^ EDFA<^l^i^ '='1^ "^^^ ^tfl «oV^o.^ o]^ ^2|.7|. ^ o;^o.u|- ;^]2 

##^(300)-^S <?^A>^>^ Ai:^o^ ^^i7i3^ n^e^A^ #<Hl-7fl ^r^-. ;^12 ^^^(300)«H1 "y^>^>^ 
^S. ^]7]7} yJ-±.^ ^-^<^1^ ^7] ^12 #^^(300)^ EDF(41) ^^^^ ^S. 
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ttl-e^-^i DCF(50)oflAi el-nl- o]^^ -B-i^m ^f^J-^ 1500 diO nm ^^H7> 5]^ 



i 6^ ^ L-band DCHFA<Hl^1 ^-£^5|-<^] DCF ^E.^ M]7]m: ^51-^1^ o.^>H 

^^1 L-band DCHFA^ o]^ ^^^b^s] ^Sj-iEojcf. £ 6^ ^ L-band DCHFA 

30-601CS1 ^£ ^^611 tfl^H ^11.2 #^^(100, 300) 2^ ^H^^ /^i7i^ 'U^^yn 
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